
Growth of Silicon Bicrystals 
by the Dash Pedestal-Method 

R. Gereth 

Shockley Transistor, Unit of Clevite Transistor, Palo Alto, California 

ABSTRACT 

Silicon bicrystals are grown in an inert atmosphere avoiding quartz cru- 
cibles. The oxygen content of the bicrystals is below the ]imit of detection with 
the 9~ absorption line. The Dash pedestal method is modified, and the bicrystals 
are pulled from the melt by means of a "bi-seed" which contains a small angle 
grain boundary. A float zone scanner is converted into a crystal grower. A "drill  
press"-etching apparatus facilitates the etching of the seed crystals to a needle- 
like shape with the grain boundary in the center of the 0.1 mm diameter of 
the tip. 

Smal l  angle gra in  boundar ies  consist of a regu la r  
a r r a y  of edge dislocations (1-3) .  Bicrys ta ls  wi th  
such boundar ies  are an excel lent  tool to invest igate  
dislocations. F rom the resul t  of gra in  bounda ry  ex-  
per iments  one can d raw conclusions about  the be-  
havior  of isolated dislocations. 

Silicon bicrys ta ls  have been s tudied in the past  
(4-8) .  Enhanced diffusion along smal l  angle gra in  
boundar ies  in silicon has been found in this l abo ra -  
to ry  (5).  Phonon drag  measurements  in silicon 
gra in  boundary  specimens have been carr ied  out 
by Hubner  and Shockley (6),  and l ight  emission at  
high vol tage from a gra in  boundary  junct ion has 
been observed by Goetzberger  and Stephens (7).  
Al l  these exper iments  were  made with  oxygen- r ich  
bicrys ta ls  grown from a quar tz  crucible by  the 
Czrochralski  method (9).  I t  is, however,  not well  
known what  role oxygen plays  in the behavior  of 
silicon crystals  together  wi th  dislocations. Hooper  
and Queisser (8) recen t ly  found a s trong influence 
of hea t  t r ea tmen t  on the photoresponse of Si b ic rys -  
tals. They assumed tha t  oxygen pa r t i cu la r ly  ac- 
counts for these effects. For  fu r the r  studies it is, 
therefore,  des i rable  to have both oxygen- r i ch  and 
oxygen- f ree  silicon gra in  bounda ry  crystals  ava i l -  
able. Al l  b icrys ta ls  obta ined by the s tandard  cru-  
cible procedure  are  contamina ted  with  oxygen. This 
paper  describes a method and an appara tus  for 
growing oxygen- f ree  silicon bicrystals .  

Method of Growing Dash Bicrystals 
Dash (10-12) describes a method of growing s i l -  

icon monocrysta ls  free of dislocations and oxygen. 
This procedure  does not employ the quartz  (SiO.~) 
crucible necessary with  the we l l - known  Czochralski  
method (9).  The use of quar tz  crucibles gives rise 
to high oxygen content  in the pul led  crystals .  With  
the Dash method,  the crys ta l  is pul led  f rom the mol -  
ten top of a silicon rod, commonly cal led the "ped-  
estal ." A seed consisting of ma te r i a l  of low dis loca-  
t ion densi ty  is used. I t  is t apered  at the t ip to a 
d iamete r  of app rox ima te ly  O.1 mm. The crys ta l  is 
pul led  in an iner t  argon a tmosphere  to avoid con- 
tamina t ion  and oxidation.  

For  these exper iments ,  a Dash c rys ta l -g rowing  
appara tus  was constructed.  Af te r  many  perfect  sil-  
icon monocrysta ls  had been grown, the equipment  
was used to grow grain  boundary  crysta ls  wi th  low 
oxygen content. Silicon mate r i a l  containing gra in  
boundar ies  was chosen for the  seeds, ins tead of the 
d is locat ion-f ree  bars  employed in the convent ional  
Dash method. 

Crystal grower.--A Lindberg  float zone scanner  
(Model LA-VSE-24  ZR) was conver ted  into a c rys-  
tal  grower.  The basic a r r angemen t  is shown in Fig. 1. 

The quartz  tube, L, contains the main components 
of the crysta l  grower.  The tube (35 mm OD) is 

ARGON GAS 

S( 

AF 
IN=,._, 

Fig. 1. Schematic drawing of the Dash crystal grower 
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al igned inside the hea t ing  coil, N, and shading coils, 
M, of the Lindberg  RF genera tor  (Model LI -10-C-1 ,  
4MC, 10 KW).  During growth,  argon gas containing 
less than  0.1 ppm of oxygen flows through the quar tz  
tube. 

The pedestal ,  F, is connected to the quartz  chuck, 
H, (15 mm diameter ,  100 m m  length) .  A slot ted steel 
tube, J, wi th  center ing screws supports  the quartz  
rod. The top of the rod is cut to a step shape to fit 
a corresponding step on the pedes ta l  mater ia l .  The 
par ts  are connected by  t an t a lum wires. One of these 
wires, G, establishes the coupling of the RF field 
before the silicon pedes ta l  is heated.  The quartz  
chuck, H, insulates the hot par ts  of the grower.  I t  
also helps to reduce contaminat ion  of the pedestal ,  
and improves  the ease of al igning the whole as- 
sembly.  The suppor t ing  shaft,  K, is mechanica l ly  
connected to a motor  unit.  Thus the opera tor  is able 
to ro ta te  and move all  parts ,  F -K ,  according to any 
desired program.  

A smal l  quar tz  tube, B, is used as a "seed holder ."  
I t  is connected to the e levator  shaft  A. The crystal ,  
D, is pul led  from the melt,  E, by moving the seed, 
C, upward.  At  the same t ime it rota tes  wi th  a con- 
s tant  speed of 6 rpm. The solid l iquid interface is 
kept  a t  a constant  level  by  feeding the pedesta l  up -  
ward  to compensate  for the removed  mater ia l .  

Preparation of silicon starting material.--Czo- 
chra l sk i -g rown  crystals  (25-500 ohm-cm, n - t y p e  
and 7-15 ohm-cm, p - t ype )  wi th  a d iameter  of about  
18 mm were  used as pedes ta l  mater ia ls .  The top por -  
tions of all  these rods were  tapered  to a cone with  
a SiC-abras ive ,  while the lower  par t s  were  cut to fit 
the quartz  chuck. Subsequent ly ,  the pedesta l  was 
etched in a solution consisting of 1 par t  HF (49%) 
and 3 par t s  of HNO~ (70%).  

The seed was p repared  in the fol lowing way:  A bi-  
crysta l  containing a 10.5 ~ gra in  boundary  was grown 
by the Czochralski  method using two seeds dis-  
or iented wi th  respect  to each other [as descr ibed by 
Matar6 and Wegener  (13)] .  F rom this crys ta l  a 
rec tangula r  piece, containing the gra in  boundary  
(14) was cut (2 x 2 x 60 ram).  I t  was lapped by  hand 
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Fig. 3. Etching apparatus 

Fig. 2. Etched bi-seed containing a 10.5 ~ grain boundary (diam- 
eter of the tip is about 0.1 mm). 
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Fig. 4. Oxygen free, 10.5 ~ grain boundary crystal with [100] 
pull axis. 

unt i l  the grain boundary  was equidis tant  f rom both 
sides para l l e l  to the  gra in  bounda ry  plane.  This "bi-  
seed" was etched to a needle l ike  shape (see Fig. 2) 
wi th  the gra in  bounda ry  stil l  r emain ing  in the center  
of the tip. The b i - seed  must  have a small  d iameter  
( approx ima te ly  0.1 ram) at  the t ip in order  to avoid 
freezing of the mol ten  silicon on top of the pedes ta l  
when the seed is lowered  into the melt.  

An appara tus  for faci l i ta t ing the etching of the 
seed crystals  was constructed (see Fig. 3). The etch-  
ing appara tus  moves the  seed ver t ica l ly ,  whi le  si-  
mul taneous ly  ro ta t ing it at  10 rpm. This way,  seed 
crystals  can be etched very  accura te ly  to the desired 
concentric geometry.  The etching appara tus  is s imi-  
lar  to a dr i l l  press. The suppor t ing  block, A, can be 
tu rned  about  the column, B, so tha t  the seed, E, may  
be a l t e rna t ive ly  dipped into the etching solution, C, 
[1 par t  HF (49%) ,  3 par t s  HNO~ ( 7 0 % ) ]  or cooling 
water ,  D. The seed is connected to the synchronous 
motor  G, by  means  of the  Teflon chuck, F. 

Exper imenta l  Results 

Figure  4 is a photograph  of a Dash gra in  boundary  
crystal .  The 10.5 ~ gra in  bounda ry  is seen on the 
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c r y s t a l  su r f ace  as a fine, s h a r p  l ine  w h i c h  is no t  c o m -  
p l e t e l y  p a r a l l e l  to t he  g r o w t h  l ines.  This  is caused  
b y  i n a c c u r a t e  o r i e n t a t i o n  of the  g r a i n  b o u n d a r y  
w i t h  r e s p e c t  to the  b i - s e e d .  The  c r y s t a l  is 147 m m  
long a n d  has  a n e a r l y  cons t an t  d i a m e t e r  of 9 m m  
over  a l e n g t h  of a p p r o x i m a t e l y  80 ram. I t  was  g r o w n  
w i t h  a s t a r t i n g  pu l l  r a t e  of 4 m m / m i n  and  a f inal  
pu l l  r a t e  of 1.4 m m / m i n .  The  o u t p u t  e n e r g y  of t h e  
R F  g e n e r a t o r  was  m a n u a l l y  con t ro l l ed  to ach ieve  
o p t i m u m  g r o w i n g  condi t ions ,  and  the  t e m p e r a t u r e  of 
the  m o l t e n  Si  was  d e t e r m i n e d  us ing  an  op t i ca l  p y -  
rome te r .  

E a r l i e r  i n f r a r e d  t r a n s m i s s i o n  m e a s u r e m e n t s  h a d  
i n d i c a t e d  t h a t  Dash  c rys t a l s  g r o w n  f r o m  unre f ined  
n o r m a l  Czoch ra l sk i  c r y s t a l s  or  f r o m  float zone r e -  
f ined s i l icon ba r s  s h o w e d  the  s ame  a b s o r p t i o n  p e a k  
he igh t  a t  9t~. The  a b s o r p t i o n  coefficient  of a l l  t hese  
s l ices was  c a l c u l a t e d  to be  in  t he  o r d e r  of 0.8 cm -1. 
This  v a l u e  is k n o w n  to be  t he  b a c k g r o u n d  a b s o r p t i o n  
of s i l icon i t se l f  (15) .  A l l  m e a s u r e m e n t s  w e r e  c a r r i e d  
out  w i t h  a B e c k m a n  s p e c t r o p h o t o m e t e r  (Mode l  IR4) .  
S ince  th i s  i n s t r u m e n t  has  a d o u b l e - b e a m  a r r a n g e -  
ment ,  t he  t es t  s l ices cu t  f rom c rys t a l s  g r o w n  b y  the  
D a s h - m e t h o d  could  be  d i r e c t l y  c o m p a r e d  w i t h  
e q u i v a l e n t  f loat  zone m a t e r i a l  p l a c e d  in  the  r e f e r e n c e  
pa th .  A sl ice  t a k e n  f r o m  the  b i c r y s t a l  s h o w n  in Fig .  
4 was  checked  in th is  m a n n e r .  No o x y g e n  con ten t  
could  be  d e t e c t e d  b y  the  9~ a b s o r p t i o n  l ine.  
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The Effect of Hydrogen Reduction on the 
Morphology of Copper Oxide Whiskers 
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ABSTRACT 

A series of closely control led  exper iments  was conducted to de te rmine  the 
effect of hydrogen  reduct ion  on the morphology  of oxide whiskers  fo rmed  on 
unannea led  and p reannea led  copper.  In i t ia l  reduct ion  occurred along r andom 
sites at  the  whi ske r  surface. No p re fe ren t i a l  reduct ion  at the  whi ske r  t ip was 
observed.  Dur ing  the reduct ion  cycle, the whiskers  col lapsed to form smal l  
i r r egu l a r l y  shaped h igh-opac i ty  nodes. Some differences were  observed in the 
ra te  and manner  in which the whiskers  reduced  on the unannea led  and p re -  
annea led  samples which were  a t t r ibu ted  to ini t ia l  var ia t ions  in size and shape 
of the  whiskers.  Selected area  diffract ion analyses  of the  reduced  products  
revea led  tha t  the  whiskers  changed f rom CuO to Cu~O and then to Cu. Cu~O 
appeared  to form ad jacent  to the  meta l  surface. 

Repl ica  examinat ions  of the  ox id ized- reduced  surfaces when  compared  wi th  
replicas of the or iginal  surface revea led  considerable  surface r e a r r a nge me n t  
wi th  the fo rmat ion  of subgra in - type  s t ructure .  The size of the subgrains  fo rmed  
on the p reannea led  sample  appea red  to be smal ler  than  that  obta ined  on the 
unannea led  sample.  In  most  cases, the  reduced  oxide wh i ske r  g rowth  products  
appeared  to emanate  f rom subgra in  bounda ry  intersect ions ra the r  than  f rom 
subboundary  inter iors .  

U n u s u a l  g r o w t h  p r o d u c t s  r e s e m b l i n g  need les ,  
b lades ,  s e r r a t e d  b lades ,  etc.,  h a v e  been  o b s e r v e d  b y  
m a n y  w o r k e r s  in t he  o x i d a t i o n  of m e t a l s  ( 1 - 3 ) .  I n  
mos t  cases  t he  g r o w t h s  h a v e  been  iden t i f i ed  b y  x - r a y  

a n d  e l ec t ron  d i f f r ac t ion  t e c h n i q u e s  to  be  ox ides  of 
the  base  meta l .  The  w h i s k e r  shape ,  in some  ins tances ,  
has  been  r e l a t e d  to t he  p r e t r e a t m e n t  g i v e n  the  m e t a l  
(4)  and  the  e n v i r o n m e n t  (5) .  The  exac t  m e c h a n i s m  
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